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Background

Study Site & Geology

• Leachate of nitrate fertilizer into high order streams by
groundwater infiltration leads to eutrophication in the Gulf
of Mexico (Chislock et al., 2013
• Tile Drains can be utilized to redirect nutrient-rich
groundwater away from streams into Saturated Buffer
Zones (Bosompemaa et al., 2021; Miller et al., 2018)
• Flow paths of groundwater leaving the tiles are not well
understood
• Conventional conservative tracer species used such as
sodium chloride (NaCl) and sodium bromide can be costly
and difficult to properly model over large time intervals.
• Rhodamine Dye may be a cheaper alternative but is not
established as an in-situ groundwater tracer
• A tracer test was conducted to compare the use of NaCl to
Rhodamine Dye

• Saturated buffer zone (SBZ) within the
watershed of an unnamed tributary
(tributary 3 – T3) of Evergreen Lake in in
McLean County, IL.
• Floodplain deposits overlying diamicton
• Installed Diversion Tile drains within the
floodplain deposits
• Groundwater flow is to the northwest.

Research Questions

Methods

Figure 6. (Top) Geologic cross section of the underlying subsurface geologic
medium of T3.
Figure 7. (Bottom) Overview of site T3 with locations of installed wells in
reference to location in Illinois.
.
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Figure 1. Breakthrough Curves of Chloride and Rhodamine dye for wells 8D, 10D, and
20 from time of injection. The wells display a general peak around 18 days after
injection for Cl and 12 days for the dye. A storm event occurring 25 days after injection
serves as the upper limit of residency time within the system. Both tracers are
considered gone from the system after 25 days.
Figure 2. Box plots displaying calculated velocities using the breakthrough curves and modelled transport properties utilizing TRAC
(velocity and dispersivity) of Chloride and Rhodamine. In both instances calculated and TRAC modelled velocity averages were nearly
identical for both species, however, TRAC velocities were significantly smaller than calculated velocities. Chloride yielded a larger
dispersivity than the dye, but the dye was much more variable. Overall rhodamine dye was much more variable than chloride.

1) Can Rhodamine Dye be used as a conservative
groundwater tracer species?
2) Do Rhodamine Dye and Chloride possess similar
transport properties?

(Gutierrez et al., 2013)

Results & Discussion
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• (1) Rhodamine dye appeared to follow a similar flow path as NaCl. Recorded peak
concentrations for dye show that after 10-12 days the concentrations spike and then
decrease days later. A similar pattern was seen with chloride after 18 days.
• Measured dye concentrations were much less than anticipated, however, a small spike
or peak in the curve does exist.
• This suggests that Rhodamine Dye can be used as a conservative groundwater
tracer.
• (2) The average velocities for both species were nearly identical, but the calculated
velocities using the breakthrough curves were 3x larger and significantly more variable
than the values produced by TRAC.
• Average chloride dispersivity is nearly an order of magnitude larger than average dye
dispersivity. Dye dispersivities are highly variable while Cl values are more consistent.
• Overall, in all instances, rhodamine dye produced data with more variability than
chloride.
• This supports the idea that other factors such as absorption onto sediment,
geologic media, porosity, injection amount, etc impact in-situ tracer transport
properties of dye within Darcian (fluvial) systems.
• The less variable Cl values highlights its conservative nature as a tracer
• This could be due to These findings reveal the potential Rhodamine dye has for use as a
conservative tracer. This could be for future analyses focused on understanding the
flow dynamics of tile-drained nutrient-rich groundwater in or near saturated buffer
zones as well as general use as an established groundwater tracer.
• Further research should be conducted to further quantify and model the transport
properties of both Rhodamine and Cl.

